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SECTION  I 

INTRODUCTION  AND  SUMMARY  (U) 

1.1  (U)  Brief  History  and  Rationale 

(U)  The  object  of  the  Standard  RF  Chain  Program  is  to  reduce  the 
total  cost  of  Electronic  Countermeasures  (ECM)  systems.  The  usual 
approach  to  designing  ECM  systems  has  been  to  define  system  performance 
requirements  and  allow  specific  rf  chain  element  designs  to  evolve, 
based  on  these  requirements  and  component  availability.  This  approach 
has  resulted  in  systems  with  similar  but  different  designs  and  which  use 
similar  components  that  are  not  usable  by  or  common  to  more  than  one 
system.  Since  the  rf  chain  portion  of  these  systems  has  been  a major 
cost  driver,  commonality  of  components  and  standardization  of  the  rf 
amplifying  chain  is  an  obvious  way  to  reduce  total  system  costs. 

(U)  Efforts  to  reduce  ECM  costs  started  with  the  ECM  cost  reduction 
conference  sponsored  by  AFAL  in  1975.  As  a result  of  this  conference,  a 
study  was  initiated  to  examine  the  feasibility  of  standardizing  rf 
chains  through  the  use  of  standard  or  common  traveling  wave  tubes  (TWTs) 
and  other  components.  Study  results  showed  a potential  for  achieving  a 
common  TWT/rf  chain  design  across  Air  Force  mission  areas. 

(U)  As  a result  of  the  rf  chain  studies,  AFAL  briefed  the  Joint 
Director  of  Laboratories  Council  (ODLC)  on  the  opportunities  for  cost 
reduction  through  rf  chain  standardization.  The  JDLC  initiated  a tri- 
service ad  hoc  committee,  which  reviewed  common  ECM  requirements  and 
recommended  approaches  toward  achieving  TWT  and  rf  chain  commonality. 

(U)  A common  design  would  significantly  reduce  ECM  costs,  especially 
considering  TWTs,  which  typically  represent  20-25%  of  the  total  system 
costs.  The  use  of  standardized  components  and  designs  will  allow  larger 
quantity  buys  (with  subsequent  lower  costs),  and  simplify  nodi fi cations, 
maintenance  procedures,  and  training. 
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1.2  (U)  Program  Objectives 


(U)  The  following  design  objectives  were  developed  for  the  Standard 
RF  Chain  Program  in  accordance  with  the  program  objectives  presented  in 
the  previous  paragraphs: 

a.  Compatibility  with  a wide  variety  of  TWTs,  i.e.,  with 
minimal  modifications  of  the  LRUs  when  changing  TWTs. 

b.  High  commonality  of  designs  and  components  between  the 
high  band  and  low  band  LRUs. 

c.  High  reliability. 

d.  Simplified  maintenance,  easily  accessible  test  points  and 
easily  replaceable  components  to  simplify  testing,  fault 
isolation,  and  repairs. 

1.3  (U)  Summary  of  Test  Results 

(U)  The  rf  chain  high  band  and  low  band  power  amplifier  line  re- 
placeable units  (LRUs)  were  developed,  fabricated,  and  then  tested  using 
various  TWTs  and  associated  test  objectives.  The  testing  performed  on 
each  LRU  is  shown  below: 


Low  Band  LRU  Testing 
RF  Chain  Baseline  TWTs 
Environmental 

Power  Share  Control  Module 


High  Band  LRU  Testing 

RF  Chain  Baseline  TWTs 

DBDM  TWT  - 2%  Duty  Cycle 

Band  III  Pulse  TWT  - 8%  Duty 
Cycle 

6 dB  Dual  Mode  TWT 


(U)  Discussion  of  the  low  band  LRU  testing  is  contained  in  section 
3,  and  the  high  band  LRU  testing  in  section  4. 
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(U)  High  commonality  was  achieved  between  the  high  band  and  low  band 
LRUs.  They  have  about  70%  commonality  In  their  components  and  design. 
The  only  design  and  component  differences  were  Introduced  by  the  dif- 
ferent frequency  range  requirements  of  the  two  units. 

(U)  The  testing  provided  conclusive  evidence  that  both  the  low  band 
and  high  band  LRUs  met  or  exceeded  all  specification  requirements  of  the 
rf  chain  program.  The  LRUs  also  exhibited  very  high  reliability  through- 
out the  testing  at  all  the  test  locations. 
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SECTION  II 

RF  CHAIN  AND  TEST  FACILITY  DESCRIPTION(U) 

2.1  (U)  RF  Chain  Description 

2.1.1  (U)  Item  Definition.  The  Standard  RF  Chain  Amplifier  Is  packaged 
as  two  modules  (high  band  and  low  band),  each  covering  a different 
frequency  range.  Each  module  provides  a combined  Continuous  Wave  (CW) 
and  pulse  mode  capability  over  a frequency  range  greater  than  an  octave, 
and  shares  a common  electrical  design,  form  factor,  and  packaging  concept. 
The  modules  also  have  high  commonality  (about  70%)  among  their  compo- 
nents. Major  components  such  as  the  high  voltage  modulators  and  power 
supplies  are  standardized  to  accommodate  a variety  of  TWTs.  The  vari- 
able configurations  thus  obtained  can  readily  be  produced  for  a wide 
range  of  ECM  applications,  wherein  all  control  functions  are  provided 
external  to  this  rf  amplifier. 

(U)  The  baseline  configuration  of  a standard  rf  amplifier  module 
contains  separate  CW  and  pulse  TWTs  operating  in  parallel.  Two  flyable 
prototypes  - a low  band  (E/H)  version  and  a high  band  (H/J)  version  - 
have  been  built  and  demonstrated  (see  figure  1).  The  standard  module  is 
designed  also  to  accommodate  dual  mode  (CW/  pulse-up)  and  dual  beam  dual 
mode  (DBDM)  TWTs;  these  configurations  have  undergone  critical  testing. 

(U)  The  amplifier  module  Is  packaged  as  an  LRU  and  Is  designed  for 
military  airborne  environments  typical  of  both  pod  and  Internal  Instal- 
lations. Cooling  air  can  be  supplied  by  either  aircraft  ECS  or  ram 
inlet.  Direct  cooling  of  the  electronics  Is  by  cold  plate  in  hermetic 
compartments,  thereby  minimizing  susceptibility  to  dust,  humidity  and 
salt  fog.  The  power  supplies  tolerate  a wide  AC  frequency  variation 
(350  Hz  to  800  Hz)  such  as  may  be  provided  by  a ram  air  turbine  gen- 
erator (RATG). 
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Figure  1.  (U)  Standard  RF  Amplifier,  High  Band  and  Low  Band. 
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(U)  All  electronic  assemblies  and  major  components  are  packaged  as 
SRUs,  and  are  functionally  partitioned  in  a straightforward  manner,  to 
facilitate  efficient  shop  maintenance.  Sufficient  test  points  are 
accessible,  via  a test  connector,  to  allow  unambiguous  isolation  to  a 
faulty  SRU  using  simple  and  Inexpensive  ground  support  equipment. 

(U)  Efficient  and  swift  flight  line  maintenance  is  facilitated  by 
a comprehensive  built-in-test  (BIT)  capability.  The  Standard  RF  Ampli- 
fier can  safely  be  operated  for  several  minutes  in  the  aircraft  without 
cooling  air;  internal  temperature  sensing  and  automatic  shut-down  pre- 
vent thermal  damage. 


2.1.2  (U)  Specification  Summary.  The  mechanical  installation  charac- 
teristics of  the  Standard  RF  Amplifier  LRU  are  given  in  figure  2.  The 
performance,  Interface  and  environmental  characteristics  are  summarized 
in  table  1. 


Table  1.  (U)Specification  Summary,  Standard  RF  Amplifier. 


FREQUENCY  COVERAGE: 
MODES: 

PULSE  DUTY  CYCLE: 
GAIN  (TYPICAL): 
PRIME  POWER: 


E/H  and  H/J  (overlapping) 

CW  and  Pulse,  interleaved 
5% 

65  dB  CW,  75  dB  Pulse 

3-Phase,  350  Hz  to  800  Hz 
106  V ac.  to  122  V ac  steady  state 
105  V ac  to  135  V ac  transient 
1.85  KVA  maximum,  1.65  KVA  typical 


WEIGHT:  55  lbs. 

VOLUME:  0.68  cu.  ft. 

AIR  INLET  TEMPERATURE  © 25  LB/MINUTE: 

-5A°C  to  +60°C,  continuous  operation 

-58°C  to  +80°C,  30-minute  operation 


NON-OPERATING  TEMPERATURE: 

-58°C  to  +110°C 
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2.1.3  (U)  Amplifier  Interface.  The  functional  organization  of  the 
baseline  amplifier  configuration,  low  band  or  high  band,  is  Illustrated 
In  figure  3.  Its  operation  Is  totally  controlled  by  an  external  Inter- 
facing sybsystem,  such  as  a receiver/processor  or  a techniques  generator. 

(U)  Interface  between  the  amplifier  and  the  controlling  subsystem 
consists  of  a 6-bit  data  bus,  a number  of  discrete  command  inputs  and 
status  outputs,  and  the  RF  input. 

(U)  The  data  bus  provides  two-way  communication  between  subsystems. 
Data  transmitted  by  the  controlling  subsystem  Includes  mode  commands 
(standby,  transmit,  etc.),  measurement  commands  (for  rf  levels,  etc.) 
and  status  queries.  The  amplifier  responds  with  fault  status  data  and 
encoded  measurement  values.  Associated  with  the  data  bus  is  a separate 
2-blt  address  code  Input,  which  allows  up  to  four  amplifiers  to  be 
controlled  by  the  same  data  bus. 

(U)  Chief  among  the  discrete  Inputs  are  the  CW  and  Pulse  mode 
commands.  These  inputs  provide  real  time  grid  control  of  the  TWTs  via 
their  respective  modulators.  Another  real  time  input  signal  synchro- 
nizes the  measurement  of  rf  input  power,  rf  output  power  and  output 
pulse  width,  as  specified  by  a data  bus  command. 

(U)  The  discrete  outputs  report  certain  fault  conditions  requiring 
the  immediate  attention  of  the  controlling  subsystem.  Internal  faults 
reported  by  these  outputs  include  modulator,  power  supply,  and  temper- 
ature faults.  External  faults  reported  include  excessive  reflected 
output  rf  power  and  improper  pulse  mode  command  timing  format. 

2.1.4  (U)  Amplifier  Operation.  Internally,  the  amplifier  Is  controlled 
by  an  I/O  circuit  contained  In  the  I/O  and  BIT  module  (see  figure  3). 

The  I/O  circuit  decodes  the  data  bus  words  and  routes  commands  to  their 
destinations.  It  also  collects  and  encodes  all  status  and  measurement 
data,  and  routes  them  to  the  controlling  subsystem. 
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(U)  The  rf  signal  path  through  the  amplifier  begins  in  the  solid 
state  amplifier  (SSA)  module,  where  the  rf  input  signal  Is  amplified  and 
split.  The  SSA  module  also  contains  an  rf  detection  circuit;  its  video 
output  is  routed  to  a BIT  circuit  In  the  I/O  and  BIT  module  where,  upon 
command,  the  amplitude  is  sensed. 

(U)  The  two  rf  outputs  from  the  SSA  module  are  routed  to  the  CW  and 
pulse  TWTs.  The  control  grid  of  each  TWT  allows  Its  beam  current  to  be 
turned  on  and  off  rapidly  by  the  associated  modulator,  in  response  to 
the  input  mode  command.  Typical  propagation  time  for  either  CW  or  pulse 
mode,  i.e.,  from  input  command  transition  to  output  rf  signal  transi- 
tion, is  30  nanoseconds. 

(U)  Couplers  at  the  TWT  outputs  provide  proportional  samples  of  rf 
output  power  to  associated  detection  circuits,  whose  video  outputs  are 
routed  to  the  BIT  circuit  and  encoded  upon  command. 

(U)  Also  shown  in  figure  3,  but  external  to  the  amplifier  LRU,  is 
a micowave  network  consisting  of  two  directional  couplers,  a hybrid, 
and  two  filters.  The  external  couplers  provide  proportional  samples  of 
reflected  RF  power  back  into  associated  detection  and  threshold  circuits 
within  the  LRU.  These  circuits  provide  real  time  warning  of  excessive 
voltage  standing  wave  ratio  (VSWR),  for  the  purpose  of  protective  shut- 
down and  fault  status  reporting.  Protective  shut-down  of  the  TWT  is 
automatically  performed  via  its  grid  modulator.  The  reflected  power 
trip  thresholds  are  factory  adjustable  for  a wide  range  of  installations 

2.1.5  (U)  Amplifier  BIT.  (U)  Self-test  BIT  circuits  are  contained  in 
the  modulators  and  power  supplies,  which  continuously  monitor  for  and 
report  on  faulty  voltage  and  current  conditions.  Additionally,  the 
pulse  modulator  protects  the  pulse  TWT  from  an  improper  pulse  command 
timing  format,  by  autonomously  limiting  pulse  repetition  frequency,  duty 
cycle  and  duration  of  a single  pulse  on-time.  This  function,  when 
invoked,  is  reported  as  a pulse  command  fault. 
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(U)  The  high  voltage  power  supply  additionally  monitors  TWT  condi- 
tions, and  shuts  itself  down  In  the  event  of  an  arc-over  or  other 
faults. 

(U)  The  temperature  of  each  TWT  is  continuously  monitored  by  the 
I/O  circuit,  which  will  turn  off  the  high  voltage  power  supply  (HVPS)  In 
the  event  of  overtemperature.  The  temperatures,  upon  command,  are  also 
encoded  and  transmitted  to  the  controlling  subsystem  via  the  data  bus. 

2.2  (U)  Test  Facility 

(U)  The  RF  Chain  Power  Amplifier  test  facility  (figure  4)  features 
several  automated  test  sequences,  yet  Is  flexible  enough  to  allow 
manual  spot  checking.  The  equipment  may  be  divided  Into  three  cate- 
gories: the  system  computer,  an  automated  test  set-up,  and  manual  mode 

equipment. 

(U)  The  HP9845  computer  controls  the  automated  portion  of  the 
facility  via  the  IEEE  Std.  488  bus.  In  addition,  the  computer  drives  a 
graphics  display,  plotter,  printer,  and  data  storage  capability.  The 
system  software  Is  designed  to  execute  test  sequences,  create  calibra- 
tion data,  and  continuously  monitor  all  automated  equipment.  The 
automated  equipment  interconnections  are  not  changed  radically  between 
tests.  In  general,  the  automated  equipment  is  responsible  for  providing 
various  stimuli  to  the  Power  Amplifier,  monitoring  the  status  of  the 
Power  Amplifier,  and  making  power  measurements. 

(U)  The  manual  equipment  items  are  required  only  for  specific 
tests.  Most  manual  equipment  Is  used  for  monitoring  the  output  or 
response  characteristics  of  the  Power  Amplifier. 

2.2.1  (U)  Special  Test  Equipment.  The  Special  Test  Equipment  (STE)  for 
the  rf  chain  amplifier  is  shown  In  figure  5.  The  two  major  components 
for  the  STE  are  a microprocessor  based  control  console  and  a cooling 
cart. 
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igure  4.  (U)  RF  Chain  Power  Amplifier  Test  Facility  Block  Diagram 
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Figure  5.  (U)  STE  Block  Diagram. 
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(U)  The  main  functions  of  the  cart  are  to  supply  cooling  and 
support  for  the  Power  Amplifier  and  to  provide  power  for  both  the  STE 
and  Power  Amplifier.  In  addition,  the  cart  houses  the  SSA  and  the 
modulator  drive  circuitry. 

(U)  The  control  console  features  the  8085  Microprocessor,  a 12K 
program  contained  in  erasable  PROMs  and  IK  of  RAM.  Programmable  inter- 
faces are  provided  for  communications  with  the  Power  Amplifier,  the  IEEE 
Std.  488  bus,  and  a manual  control  panel. 

(U)  The  STE  may  be  operated  via  the  IEEE  bus  or  manually. 

2.2.2  (S)  Driver  Amplifier  Characteristics.  Figure  6 is  a plot  of  the 
Avantek  Cascaded  Amplifier  gain  and  output  power  characteristics. 

Measurements  were  made  over  a frequency  range  of  8 GHz  to  18  GHz  for 
both  small  signal  gain  (SSG)  and  ldB  compression  power  output  charac- 
teristics. The  small  signal  gain  approximated  35  dB  £1.5  dB  at  a power 
output  of  +8.5  dBm.  A minimum  of  +19.5  dBm  output  across  the  band  at 
the  1 dB  compression  point  is  provided  by  the  amplifier. 

(S)  Figure  7 is  a plot  of  the  harmonic  power  (In  dBc)  at  8 GHz  for 
the  above  amplifier.  This  amplifier  was  operated  at  an  output  of 
between  +18  dBm  and  +21  dBm  which  resulted  in  harmonics  of  -23  dBc 
maximum. 

2.3  (U)  Test  Programs 

(U)  The  HP9845B  computer  was  programmed  to  exercise  the  amplifier 
in  accordance  with  the  testing  procedures.  It  accomplished  this  by 
controlling  the  STE  and  other  test  equipment  (see  figure  4)  and  process- 
ing data  through  the  use  of  the  IEEE  Std.  488  Interface  bus.  The 
HP9845B  was  chosen  because  of  its  versatility  and  suitability  to  this 
application. 

2.4  (U)  RF  Chain  Configuration  Variations 

| 
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Figure  6.  (U)  Gain  and  Power  Output  Versus  Frequency-Cascaded  Test  Amplifier. 
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(U)  One  design  goal  of  the  RF  Chain  Program  was  high  compatibility 
of  the  RF  Chain  Amplifier  with  various  types  of  TWTs.  The  high  band  LRll 
has  been  tested  with  four  different  TWTs  - the  baseline  TWTs,  the 
NETS/Raytheon  DBDM  TWT,  the  Hughes  8%  pulse  tube,  and  the  T-MEC  6 dB 
pulse-up  tube. 

(U)  The  only  modi f 4 cat Ions  to  the  rf  chain  for  changing  these  tubes 
are  replacing  the  high  voltage  power  supply  (HVPS),  and  replacing  the 
modulator  for  the  6 dB  pulse-up  tube.  This  is  a matter  of  simply 
removing  screws,  replacing  the  supply  and/or  modulator,  replacing  the 
screws,  and  adjusting  the  power  supply  voltage  levels  before  operation. 

(U)  The  power  supplies  all  fit  the  rf  chain  form  factor,  with  the 
exception  of  the  6 dB  pulse-up  tubes  HVPs  and  modulator,  which  are 
encased  In  FC-48  oil.  Since  the  6 dB  pulse-up  TWT  is  not  Intended  for 
use  in  the  rf  chain,  the  HVPS  and  modulator  were  built  for  ease  of 
modification  rather  than  form  factor. 

2.5  (U)  RF  Chain  Modulator 

(U)  At  the  outset  of  the  development  program,  the  decision  was  made 
to  modify  the  ALQ-135  universal  modulator  design  for  application  to  the 
RF  Chain  Power  Amplifier.  This  design  provided  the  capability  to  con- 
trol both  gridded  and  nongridded  (mod-anode)  TWTs  and  therefore  allowed 
the  TWT  manufacturers  maximum  flexibility  in  meeting  the  rf  chain  tube 
performance  requirements.  This  design  utilized  all  solid  state  devices, 
except  for  two  triode  tubes  which  are  required  to  provide  the  1300  volts 
needed  to  switch  mod-anode  from  on  to  off  and  visa-versa.  This  modu- 
lator was  prototyped  for  the  rf  chain  testing. 

2.5.1  (U)  RF  Chain  Modulator  General  Description.  The  rf  chain  modu- 

lator incorporates  high  voltage,  high  current  MOS  power  FETs  as  switch- 
ing elements  (see  figure  8).  Each  switch  section  (4  sections  used)  is 
comprised  of  a 450  volt  FET,  a floating  power  supply,  and  associated 
circuitry.  The  two  ON  switches  are  virtually  identical  to  the  two  OFF 
switches  except  they  also  have  the  ability  to  provide  TWT  grid  current 

17 

UNCLASSIFIED 


UNCLASSIFIED 


in  excess  of  200  mA  if  necessary.  The  grid  is  held  in  the  off  state  by 
a large  value  resistor  to  VQpp.  Switch  edge  drive  and  tick  (high 
frequency  refresh)  pulses  are  transformer  coupled  from  ground  level  to 
the  high  voltage  TWT  cathode  potential.  The  design  permits  usage  of  the 
H-17  driver  hybrids  In  the  modulator.  The  VQN  and  V0Fp  power  supply 
also  employs  a common  hybrid  (H-8).  It  was  modified  to  accommodate  the 
lower  potentials  needed  for  the  shadow  grid  TWT. 

2.5.2  (U)  Block  Diagram  Description.  As  seen  in  the  block  diagram 
(figure  8),  the  four  switches  are  in  series.  The  TWT  grid  is  tied  to  a 
point  between  the  ON  and  OFF  switches.  A spark  gap  between  the  TWT  grid 
and  cathode  protects  the  modulator  In  the  event  of  an  arc  from  grid  to 
ground. 

(U)  ON  edge  drive  pulses  are  transformer  coupled  from  H-17  to  the 
ON  switches  through  T1  while  OFF  commands  are  coupled  through  T3.  When 
in  the  ON  state,  ON  switch  sustaining  pulses  (tick  pulses)  are  fed 
through  T2.  Edge  drive  pulses  develop  extremely  fast  high  current 
conduction  of  the  switches  to  enable  switching  500  volts  in  less  than  30 
nanoseconds,  while  the  tick  pulses  sustain  the  conduction  of  the  ON 
switches  at  the  200  mA  level  or  whatever  TWT  grid  current  may  be  re- 
quired. When  a turn  off  conmand  is  sent  to  the  OFF  switches,  a signal 
is  generated  by  OFF  switch  1 which  completely  shuts  off  the  two  ON 
switches  through  T4.  As  mentioned  before,  the  OFF  switches  require  no 
tick  pulses.  This  local  coupling  negates  the  need  of  another  low  to 
high  voltage  transformer. 

(U)  Diodes  CR1  and  CR2  prevent  the  ON  switches  from  going  into 
"saturation"  when  the  ON  switches  are  energized.  CR2  clamps  the  TWT 
grid  to  the  Vq^  potential.  Thus,  CR1  and  CR2  keep  about  35  volts 
across  each  switch  during  their  conduction  period.  The  drain  to  source 
capacity  of  FETs  has  the  property  of  being  Inversely  proportional  to  the 
voltage  across  the  FET.  By  minimizing  the  capacity  of  the  FETs  in  the 
ON  mode,  switching  in  the  opposite  direction  Is  simpler,  faster,  and 
power  saving.  Diodes  CR3  and  CR4  serve  the  same  function  In  the  OFF 
switches. 
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SECTION  III 

LOW  BAND  LRU  TESTING(U) 

(U)  The  following  tests  were  performed  on  the  Low  Band  Power 
Amplifier: 

a.  Baseline  Testing 

b.  Environmental  Testing 

c.  Testing  with  the  Power  Share  Control  Module. 

The  purpose  and  requirements  of  each  test  are  detailed  in  the  appropriate 
section  below. 

3.1  (U)  Baseline  Testing 

(U)  The  rf  chain  baseline  testing  was  conducted  using  the  baseline 
T-MEC  TWTs.  This  was  done  to  keep  the  program  within  cost  and  schedule, 
since  preliminary  analysis  showed  that  the  rf  chain  requirements  could 
be  fulfilled  by  the  baseline  tubes.  This  analysis  turned  out  to  be 
incorrect.  The  baseline  TWTs  could  not  be  made  to  meet  the  rf  chain 
requirements.  However,  the  response  of  the  rf  chain  when  using  these 
tubes  yields  baseline  data  about  its  overall  performance.  Since  the  rf 
chain  in  most  cases  comes  close  to  fulfilling  the  rf  chain  requirements 
with  the  baseline  tubes,  it  may  be  Inferred  that  the  rf  chain  would  meet 
or  exceed  these  requirements  with  the  appropriate  TWTs. 

3.1.1  (U)  TWT  Description.  The  following  paragraphs  list  some  of  the 
specifications  of  the  TWTs  used  in  the  rf  chain  low  band  LRU  testing. 

The  specification  and  drawing  for  the  pulse  TWT  are  in  Northrop  DSD 
documents  093-005931  and  090-001860,  respectively;  and  for  the  CW  TWT, 
document  numbers  093-005930  and  090-001859,  respectively.  These  are 
some  of  the  relevant  specifications: 

(S)  Frequency  Range:  The  following  frequency  ranges  apply  to  both 

the  pulse  and  the  CW  TWT: 

2.6  GHz  to  7.5  GHz 

2.0  GHz  to  8 GHz  (design  goal) 
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(S)  Rated  Fundamental  Power  Output: 

Frequency  Power  Output:  CM  TWT  Power  Output:  Pulse  TWT 

2.0  GHz  to  2.6  GHz  (goal)  +51.8  dBm  +61.0  dBm 

2.6  GHz  to  7.5  GHz  +54.8  dBm  +62.5  dBm 

7.5  GHz  to  8.0  GHz  (goal)  +53.8  dBm  +61.8  dBm 

(C)  Maximum  total  power  output  shall  not  exceed  +57.0  dBm  (CW)  or 
+66.0  dBm  (pulse)  regardless  of  drive  level. 

(C)  Duty  Cycle  and  Pulse  Width:  The  pulse  tube  may  be  operated  at 
continuous  duty  cycles  up  to  100*  and  at  various  pulse  widths  from  CW  to 
a minimum  of  100  ns,  including  multiple  combinations  thereof. 

(C)  Small  Signal  Gain:  Small  signal  gain  for  the  CW  TWT  Is  36  dB 

minimum,  39  dB  nominal,  and  46  dB  maximum.  Small  signal  gain  for  the 
pulse  TWT  Is  46  dB  minimum,  49  dB  nominal,  and  56  dB  maximum. 

(C)  Noise  Output:  With  the  input  port  terminated  In  50  ohms  and 
the  output  port  loaded  with  an  attenuator,  the  CW  TWT  spurious  noise 
output  is  below  -10  dBm/  MHz,  and  the  pulse  TWT  total  Integrated  noise 
and  spurious  output  power  is  below  +30  dBm. 

(S)  At  normal  driver  levels,  the  total  harmonic  power  for  each  TWT 
Is  at  least  3 dB  below  fundamental  power  output  (-10  dBc  goal).  At 
frequencies  higher  than  4.5  GHz,  the  second  harmonic  Is  at  le^st  -15 
dBc. 

(C)  Propagation  Delay.  The  propagation  delay  for  each  tube  does 
not  exceed  10  ns. 

3.1.2  (U)  List  of  Tests.  The  baseline  electrical  performance  tests 
conducted  on  the  low  band  LRU  are  listed  on  the  following  page: 
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a.  Power  Output  vs.  Frequency 

b.  Small  Signal  Gain 

c.  Harmonic  Power 

d.  Spurious  Outputs  and  Noise  Power 

e.  TWT  Transfer  Characteristics 

f.  Mismatched  Loads 

g.  Propagation  Delay 

h.  Mode  Switching  Time 
1 . Primary  Power 

j.  Response  to  Commands 

k.  Duty  Cycle  Limiting 

l . BIT/ATE  Output 

3.2  (U)  Detailed  Test  Data  - Baseline  Testing 

(U)  The  detailed  test  data  for  each  test  provided  in  this  section 
is  preceded  by  introductory  paragraphs  indicating  the  purpose,  require- 
ments, variations  in  test  procedures  (if  any)  a summary  of  the  test 
results,  and  a block  diagram  of  the  test  setup. 

3.2.1  (U)  Power  Output  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
power  output  of  the  RF  Chain  Low  Band  Amplifier  across  the 
frequency  band  at  nominal  rf  input  drive  levels.  See  figure  9 
for  the  test  setup. 

b.  (U)  Results.  Tests  were  run  on  the  CW  and  pulse  tubes  for 
total  and  fundamental  power  output  vs.  frequency,  and  reduced 
drive  level  power  output  vs.  frequency.  The  results  of  these 
tests  are  shown  in  figures  10  through  15.  The  lower  reference 
line  on  these  graphs  represents  the  specification  to  which  the 
TWTs  were  built.  The  other  reference  line  represents  the  rf 
chain  specifications. 
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Figure  15.  (S)  RF  Chain  Low  Band,  Pulse  Reduced 

Power  vs.  Frequency,  PLS  = 25  us  at  5%. 
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(U)  The  CW  output  power  exceeds  the  specifications  to  which  the  CW 
tube  was  designed,  and  meets  a portion  of  the  rf  chain  power  require- 
ments across  the  frequency  band.  Pulse  output  power  exceeded  the  tube 
design  specification.  For  total  power  output  the  pulse  tube  also  ex- 
ceeded the  rf  chain  specification  except  for  a 900  MHz  area  in  the  high 
end  of  the  frequency  band  and  the  lower  500  MHz  of  the  desired  (goal)  rf 
chain  frequency  range.  The  reduced  drive  level  tests  results  shown  that 
each  TWT  produces  the  same  output  power  spectrun  shape  for  various 
reduced  drive  levels. 

3.2.2  (U)  Small  Signal  Gain 


a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
small  signal  gain  across  the  frequency  band,  with  the  rf  input 
drive  levels  reduced  by  15  dB  from  their  nominal  values.  The 
test  setup  is  shown  in  figure  9. 

b.  (S)  Results:  The  tests  were  run  with  the  input  drive  level  15 
dB  down  from  its  nominal  value.  The  results  of  this  test  are 
shown  in  figures  16  and  17.  Here  again  the  unit  did  not  meet 
rf  chain  specifications  (67  dB  minimum  for  CW,  77  dB  for 
pulse),  but  exceeded  the  tube  design  specifications  (35  dB 
minimum  for  CW,  46  dB  for  pulse). 

3.2.3  (U)  Harmonic  Power 


a.  (U)  Purpose.  This  test  measured  the  relationship  between  the  .j 

total  output  power  and  the  harmonic  power  for  harmonic  outputs  \ 

within  the  calibration  frequency  range.  \ 

j 

b.  (S)  Results.  The  test  was  performed  concurrently  with  the  ‘ 

tests  described  in  paragraph  3.2.1  (see  figure  9).  The  re- 
sults are  shown  in  figures  18  and  19.  The  worst  case  harmonic  j 

power  in  the  CW  mode  was  -3.0  dBc,  at  2.55  GHz  and  2.85  GHz.  j 

This  fulfills  the  rf  chain  requirements  of  a worst  case  second  j 

harmonic  of  -3  dBc  to  -4  dBc. 
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Figure  18.  (U)  RF  Chain  Low  Band,  CW  Harmonic  Output 

Power  vs.  Frequency,  CW  * 100*. 
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(S)The  worst  case  harmonic  power  for  the  pulse  tube  was  -2.5 
dBc  at  2.55  GHz.  This  Is  total  harmonic  power.  The  rf  chain 
also  fulfills  the  requirements  for  the  typical  second  harmonic 
to  be  -10  dBc. 

3.2.4  (U)  Spurious  Outputs  and  Noise  Power 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  demonstrate  that 
the  Unit  Under  Test  (UUT)  meets  the  spurious  noise  output 
requirements.  The  test  setup  is  shown  In  figure  20. 

b.  (C)  Results.  This  test  was  conducted  In  accordance  with 
paragraph  8. 3. 2. 2 of  the  rf  chain  test  plan.  The  results  are 
shown  In  data  sheet  8.3.2  (figure  21).  The  requirements  are  - 
3 dBm/MHz  maximum  for  CW  and  40  dBm  maximum  for  pulse.  No 
spurious  outputs  exceeded  specification. 

3.2.5  (U)  TWT  Transfer  Characteristics 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  show  the  rela- 
tionship between  the  rf  input  drive  Into  the  rf  chain  LRU  and 
the  output  power  of  the  LRU.  This  Information  Is  supplied  as 
supplemental  information  to  required  test  data. 

b.  (U)  Results.  The  test  configuration  Is  shown  In  figure  9. 

The  test  results  are  shown  In  figures  22  through  30.  They 
show  very  linear  transfer  characteristics  up  to  the  saturation 
point  of  the  TWTs. 

3.2.6  (U)  Mismatched  Loads 

a.  (U)  Purpose.  This  test  was  performed  to  determine  the  effect 
on  rf  chain  power  output  of  operating  into  a load  that  pre- 
sents a less  than  optimum  Impedance  match.  The  test  setup  Is 
shown  In  figure  31. 
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RF  Chain  Unit,  Spurious  Signal  Test  Setup. 
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Figure  21.  (U)  RF  Chain  Low  Band,  Spurious  Outputs. 
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Figure  23.  (U)  RF  Chain  Low  Band,  CW  Transfer  Characteristics 

at  3 GHz,  CW  = 100%. 
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Figure  31.  (U)  RF  Chain  Unit  Power  Output  with  Combiner/Splitter. 
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b.  (C)  Results.  The  rf  chain  is  required  to  operate  into  loads 
with  a VSWR  of  2:1.  This  test  was  performed  with  a 2:1  mis- 
match of  random  phase  to  simulate  a worst  case  feed  line  and 
antenna  loading  condition.  The  test  results  are  shown  in 
figures  32  and  33.  The  CW  output  power  showed  a maximum 
decrease  of  0.83  dB,  and  the  pulse  output  power  showed  a 
maximum  decrease  of  0.7  dB. 

3.2.7  (U)  Propagation  Delay 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
pulse  repeater  response  of  the  RF  Chain  Power  Amplifier  LRU. 
The  time  measured  is  from  the  receipt  (3.5  - volt  level  of  the 
leading  edge)  of  the  real  time  video  command  to  the  90%  volt- 
age point  of  the  detected  output  pulse.  The  test  setup  is 
shown  in  figure  34. 

b.  (U)  Results.  The  results  of  this  test  are  listed  on  data 
sheet  8.3.4  (figure  35)  and  shown  in  the  photographs  of  figure 
36.  The  propagation  delay  specification  is  75-100  ns.  Both 
the  pulse  and  the  CW  response  times  were  within  this  specifi- 
cation. Both  responses  also  meet  the  rf  output  pulse  use  time 
specification  of  20  ns  maximum. 

3.2.8  (U)  Mode  Switching  Time 

a.  (U)  Purpose.  The  objective  of  the  mode  switching  time  test  is 
to  measure  the  response  of  the  UUT  during  different  combina- 
tions of  timing  sequences  for  CW,  pulse,  and  blank  modes.  The 
test  setup  is  shown  in  figure  37. 

b.  (U)  Variations  in  Procedure.  A single  pulse  generator  setup 
for  double  pulse  output  was  used  Instead  of  the  two  pulse 
generator  setup  called  for  in  table  1 of  the  rf  chain  test 
plan  (shown  in  figure  38). 
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Figure  32.  (S)  RF  Chain  Low  Band,  Mismatched  Loads  Test,  CW  = 100$. 
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Figure  34.  (U)  RF  Chain  Unit  Response  to  Command  Modulator  Test  Setup. 
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c.  (C)  Results.  The  mode  switching  time  set  was  performed  In  the 
CW  and  pulse  modes  of  operation.  The  pulse  generator  was 
programmed  for  double  pulse  output,  and  the  pulse  separation 
was  adjusted  to  the  point  at  which  the  detected  rf  output 
pulse  separation  was  at  a minimum  (see  data  sheet  8.3.4. 1, 
figure  39).  A mode  switching  time  of  75  - 100  ns  Is  required. 
The  results  in  figure  40  show  a mode  switching  time  of  about 
200  ns. 

3.2.9  (U)  Primary  Power 

a.  (U)  Purpose.  The  objective  of  the  primary  power  test  is  to 
measure  the  warmup  time  of  the  UUT  and  to  determine  the  input 
power  requirements  at  high  line,  low  line,  and  nominal  Input 
voltage  settings.  Additionally,  this  test  will  verify  the 
prorated  warmup  time  after  a primary  power  Interrupt. 

b.  (U)  Results.  The  test  setup  is  shown  in  figure  41.  The 
warmup  time  was  found  to  be  187  seconds.  The  prorated  warmup 
time  was  2 seconds  of  warmup  time  for  each  second  of  interrupt 
time,  for  up  to  90  seconds  of  interrupt  time.  After  90  seconds 
of  primary  power  interrupt  time,  a full  warmup  time  is  required. 

(U)  The  primary  power  requirement  is  three  phase,  400  Hz  supply  at 
115  V +55t.  The  maximum  input  power  specified  is  800  watts  per  tube. 

The  results  (figures  42  through  45)  show  that  the  minimum  primary  power 
is  always  maintained;  and  while  the  CW  tube  sometimes  exceeds  800  watts, 
the  pulse  tube  never  does,  and  the  total  power  requirements  never  exceed 
1600  watts  for  both  tubes. 

3.2.10  (U)  Response  to  Commands 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  verify  that  the 
UUT  operates  in  all  modes,  responds  to  digital  commands,  and 
that  it  generates  and  processes  proper  status  information 
whenever  status  is  requested. 
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Figure  39.  (U)  RF  Chain  Low  Band,  Minimum  Pulse  Separation. 
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Figure  42.  (U)  RF  Chain  Low  Band,  Primary  Power. 
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Figure  43.  (U)  RF  Chain  Low  Band,  Primary  Power. 
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Figure  44.  (U)  RF  Chain  Low  Band,  Primary  Power. 
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Figure  45.  (U)  RF  Chain  Low  Band,  Primary  Power. 
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b.  (U)  Results.  See  figure  46  for  the  test  setup.  Only  commands 
not  exercised  In  the  tests  discussed  in  paragraphs  3.2.1 
through  3.2.9  were  exercised  in  this  test.  The  results  are 
contained  In  data  sheet  8. 3.6.1  (figure  47).  The  STE  status 
response  was  monitored  for  the  various  commands,  and  Indicated 
that  the  transmitter  did  respond  properly  to  input  commands. 

3.2.11  (U)  Duty  Cycle  Limiting 

a.  (U)  Purpose.  The  purpose  of  the  duty  cycle  limiting  test  is 
to  demonstrate  that  the  pulse  channel  monitor  will  limit  the 
pulse  channel  output  when  the  video  command  duty  cycle  is 
above  the  maximum  specified. 

b.  (U)  Results.  The  test  setup  is  shown  in  figure  36.  The 
results  in  figure  48  show  that  when  the  pulse  generator  was 
set  to  a 30  us  pulse  with  a 6%  duty  cycle,  the  modulator  did 
limit  the  auty  cycle  to  5.655  by  decreasing  the  pulse  width. 

3.2.12  (U)  BIT/ ATE  Output 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  exercise  and 
verify  the  built-in  test  capability  of  the  rf  chain  LRU. 

b.  (U)  Results.  When  the  BIT  was  exercised  during  the  response 
to  commands  testing,  it  indicated  NO  GO  (see  figure  47).  The 
cause  of  the  NO  GO  indication  was  a bad  I/O  board,  which  was 
giving  an  improper  pulse  width  readout.  After  this  board  was 
replaced,  the  BIT  test  indicated  that  all  functions  of  the  LRU 
were  GO.  The  BIT  sensors  and  BIT  test  sequences  included  In 
the  rf  chain  unit  are  listed  In  table  2. 

3.3  (U)  Environmental  Testing 
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Figure  47.  (U)  RF  Chain  Low  Band,  Response  to  Commands. 
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Table  2.  (U)  Tests  Performed  by  BIT. 


1,  LRU  Overtemperature 
Safety  of  Flight 


2.  Prime  Power  Phase 
Fault,  Interlock 


3.  Excess  Pulse  Duty 
Cycle,  PRF,  Pulse 


. TWT  Overtemperature 


5,  Helix  Overcurrent 
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(U)  The  environmental  tests  demonstrate  that  the  rf  chain  unit  will 
operate  under  specified  temperature  and  altitude  extremes  and  under  a 
limited  vibration  environment.  The  tests  reported  In  this  section  were 
all  performed  on  the  low  band  LRU.  The  results  of  these  tests  can  be 
extended  to  apply  to  the  high  band  LRU,  since  the  two  units  are  of 
almost  Identical  design  and  construction.  The  environmental  tests 
performed  were  temperature/altitude  testing  and  vibration  testing. 

3.3.1  (U)  Temperature/Altitude  Testing  Description.  After  completion 
of  the  subassembly  temperature/altitude  testing  during  October  and 
November,  the  rf  chain  LRU  was  tested  during  the  time  period  of  14 
December  1981  through  18  December  1981.  The  unit  tested  was  the  rf 
chain  low  band  LRU  in  the  baseline  configuration.  All  tests  listed  in 
table  8.3.8  of  the  rf  chain  test  plan  (table  3)  were  accomplished. 

The  test  setup  Is  shown  in  figure  49.  All  testing  was  conducted  by  R. 
Rutter,  rf  chain  test  engineer,  and  witnessed  by  0.  Galloway,  quality 
control  representative.  All  tests  conducted  on  17  December  1981  were 
also  witnessed  by  Mr.  R.  A.  Hieber  and  J.  Mudd  of  AFWAL/AAWW. 

(U)  The  location  of  all  test  points  used  for  the  temperature/ 
altitude  testing  are  shown  in  Northrop  document  no.  001-00673. 

3.3.2  (U)  Temperature/Altitude  Testing  Results.  All  LRU  testing  was 
accomplished  without  failure.  The  only  variance  from  the  rf  chain  test 
plan  occurred  during  altitude  testing.  Because  of  chamber  limitations 
combined  with  the  test  setup  (which  pumped  coolant  from  one  chamber, 
through  the  UUT,  and  into  the  environmental  chamber),  the  pumps  used  to 
evacuate  the  chamber  were  unable  to  simulate  altitudes  above  51,000 
feet. 

a.  (U)  Preliminary  Testing.  Preliminary  testing  in  the  labora- 
tory was  accomplished  prior  to  moving  the  UUT  to  the  environ- 
mental chamber.  This  testing  was  accomplished  with  ambient 
(22°C)  temperature  air  used  as  coolant.  After  the  UUT  was 
moved  to  the  environmental  chamber  a comparison  run  was  per- 
formed under  the  same  conditions  except  that  the  coolant  air 
was  restricted  to  3.1  pounds  per  minute  (PPM)  at  a temperature 
of  4°C. 
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Figure  49.  (U)  RF  Chain,  Environmental  Tests,  Test  Setup. 
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(U)The  results  of  these  two  tests  indicate  that  the  UUT  can  be 
operated  under  full  power  output  conditions  using  ambient  room 
temperature  air  unrestricted  from  the  coolant  cart  for  extended 
periods  of  time  without  the  temperatures  rising  beyond  the 
safe  operating  temperatures  of  the  LRU. 

b.  (U)  Test  Results.  All  testing  was  conducted  in  the  sequence 
and  under  the  conditions  stated  in  table  8.3.8  of  the  rf  chain 
test  plan  (table  3).  Table  4 lists  the  highest  temperatures 
recorded  in  the  LRU  for  each  of  the  test  runs,  and  the  CW 
pulse  output  powers.  All  of  these  tests  were  conducted  with 
no  failures.  Comparison  of  Test  Sequence  1 and  Test  Sequence 
5 shows  that  although  the  UUTs  temperature  increased  during 
testing,  there  was  no  significant  change  in  its  electrical 
performance. 

3.3.3  (U)  Vibration  Testing  Description.  Vibration  testing  began  in 

accordance  with  the  Test  Plan  Addendum  submitted  to  AFWAL,  dated  30 
November  1981.  However,  at  21  minutes,  20  seconds  into  the  first  test, 
the  unit  failed  due  to  high  voltage  arcing  which  resulted  in  component 
failure  internal  to  several  hybrids.  Because  of  the  emphasis  placed  on 
containing  program  costs  through  such  means  as  minimizing  the  number  of 
spare  assemblies,  it  was  suggested  to  AFWAL  in  a letter  dated  25  January 
1982  that  the  vibration  testing  be  discontinued.  The  reply  from  AFWAL 
dated  22  March  1982  approved  this  suggestion,  and  said  that  the  vibra- 
tion testing  could  be  considered  complete. 

3.4  (U)  Testing  with  the  Power  Share  Control  Module 

(U)  The  rf  chain  low  band  LRU  was  used  extensively  in  the  testing 
of  the  Power  Share  Control  Module  (PSCM),  Air  Force  contract  no.  F33615- 
81-C-1444.  It  was  used  during  the  baseline  PSCM  testing  at  Northrop, 
and  then  for  the  PSCM  testing  with  the  EDE  simulator  at  AFWAL.  The  rf 
chain  LRU  operated  for  approximately  140  hours  (17-18  days,  7 hours  per 
day)  at  the  EDE  simulator  in  addition  to  the  Northrop  testing.  During 
this  time,  the  rf  chain  LRU  experienced  no  difficulties  or  failures, 
which  helps  to  show  that  the  high  reliability  listed  in  the  program 
objectives  has  indeed  been  built  into  this  device. 
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Table  4.  (U)  Temperature/Altitude  Test  Results. 


TEST 

SEQUENCE 

1 

2 

2 

2 

2 

2 

3 

4 
4 
4 
4 
4 
4 
4 


DURATION 

HIGHEST  TEMPERATURE 

CW  POWER 

PULSE  POWER 

(HOURS) 

RECORDED  IN  LRU  (°C) 

OUTPUT  (dBm) 

OUTPUT  (dBm) 

18.7 

53.55 

63.5 

START 

41.5 

53.65 

63.5 

1 

79.3 

53.2 

63.87 

2 

87.6 

53.2 

63.96 

3 

86.9 

53.3 

64.15 

4 

85.7 

53.3 

64.13 

23.6 

53.6 

63.8 

53.67 

63.75 

START 

y . / 

30.5 

53.5 

G3.9 

55.5 

53.45 

63.5 

57.2 

53.4 

63.5 

62.1 

53.4 

63.4 

77.6 

53.4 

63.6 

87.7 

53.4 

63.6' 

56.3 

53.2 

63.6 

COOLING  AIR: 


4°C  AT  3.1  PPM 


INPUT  RF  DRIVE  LEVEL:  -2dBm 


DUTY  CYCLE: 


CVI  = 90%  PULSE  = 5%  PULSE  WIDTH  - 25  us 
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SECTION  IV 

HIGH  BAND  LRU  TESTING(U) 

(U)  The  rf  chain  high  band  LRU  testing  consisted  of  electrical 
performance  testing  with  the  following  tubes: 


a.  RF  Chain  Baseline  TWTs 

b.  2%  Duty  Cycle  DBDM  TWT 

c.  8%  Duty  Cycle  Band  III  Pulse  TWT 

d.  6 dB  Dual  Mode  TWT 

(U)  The  high  band  LRU  testing  is  intended  to  show  that  the  rf  chain 
is  highly  compatible  with  the  various  TWTs.  Because  of  the  great  simi- 
larity in  design  and  construction  of  the  low  band  and  high  band  units, 
it  may  be  inferred  that  this  versatility  is  also  possessed  by  the  low 
band  LRU.  Using  the  same  argument,  it  may  also  be  inferred  that  the 
results  of  the  low  band  LRUs  environmental  testing  apply  to  the  high 
band  LRU. 

(U)  The  testing  and  the  testing  results  for  each  TWT  are  described 
in  the  sections  below. 

4.1  (U)  Baseline  Testing 

(U)  The  rf  chain  baseline  testing  was  conducted  using  the  baseline 
T-MEC  TWTs  originally  developed  for  the  ASPJ  program.  This  was  done  to 
keep  the  rf  chain  program  within  cost  and  on  schedule,  since  preliminary 
analysis  showed  that  the  rf  chain  requirements  could  be  fulfilled  by  the 
baseline  tubes.  This  analysis  proved  to  be  incorrect.  The  baseline 
TWTs  could  not  be  made  to  meet  the  rf  chain  requirements.  However,  the 
response  of  the  rf  chain  when  using  these  tubes  yields  baseline  data 
about  its  overall  performance.  Since  the  rf  chain  in  most  cases  comes 
close  to  fulfilling  the  rf  chain  requirements  with  the  baseline  tubes, 
it  may  be  inferred  that  the  rf  chain  would  need  or  exceed  these  require- 
ments with  the  appropriate  TWTs. 
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4.1.1  (U)  TWT  Description:  The  following  paragraphs  list  some  of  the 

specifications  of  the  TWTs  used  in  the  rf  chain  high  band  LRU  testing. 
The  specifications  and  drawing  for  the  pulse  TWT  are  in  Northrop  DSD 
documents  093-005933  and  090-001862,  respectively;  and  for  the  CW  TWT, 
document  numbers  093-005932  and  090-01861,  respectively.  These  are  some 
of  the  relevant  specifications: 

(S)  Frequency  Range:  The  following  frequency  ranges  apply  to  both 
the  pulse  and  the  CW  TWTs: 


7.5  to  18  GHz 

7.5  to  19  GHz  (design  goal) 
(S)  Rated  Fundamental  Power  Output: 


Frequency 


Power  Output  = CW  TWT  Power  Output  = Pulse  TWT 


7.5  to  8.0  GHz  +52.4  dBm 

8.0  to  17.5  GHz  +53.0  dBm 

17.5  to  18.0  GHz  +52.4  dBm 

18.0  to  19.0  GHz  (goal)  +50.0  dBm 


+61.8  dBm 
+62.5  dBm 
+61.8  dBm 
+60.0  dBm 


(C)  Maximum  total  power  output  shall  not  exceed  56  dBm  (CW)  or  66 
dBm  (pulse)  regardless  of  drive  level. 


(C)  Duty  Cycle  and  Pulse  Width:  The  pulse  tube  may  be  operated  at 

continuous  duty  cycles  up  to  8%  and  at  various  pulse  widths  from  100  ns 
to  25  ns  maximum,  including  multiple  combinations  thereof.  The  CW  tube 
may  be  operated  at  continuous  duty  cycles  up  to  100%  and  at  various 
pulse  widths  from  CW  to  a minimum  of  100  ns,  including  multiple  combina- 
tions thereof. 


(C)  Small  Signal  Gain.  Small  signal  gain  for  the  CW  TWT  is  41  dB 
minimum,  46  dB  nominal,  and  51  dB  maximum.  Small  signal  gain  for  the 
pulse  TWT  is  51  dB  minimum,  56  dB  nominal,  and  61  dB  maximum. 
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(U)  Noise  Output:  With  the  Input  port  terminated  In  50  ohms  and 
the  output  port  loaded  with  an  attenuator,  the  CW  TWT  spurious  noise 
output  is  below  -13  dBm/  MHz,  and  the  pulse  TWT  total  Integrated  noise 
and  spurious  output  power  is  below  +40  dBm. 

(S)  At  normal  drive  levels,  the  total  harmonic  power  for  each  TWT 
is  at  least  3 dB  below  fundamental  power  output  (-10  dBc  goal).  At 
frequencies  higher  than  10.5  GHz,  the  second  harmonic  Is  at  least  -15 
dBc. 


(C)  Propagation  Delay:  The  propagation  delay  for  each  tube  does 

not  exceed  8 ns. 

4.1.2  (U)  List  of  Tests.  The  baseline  electrical  performance  tests 
conducted  on  the  high  band  LRU  are  listed  below: 

1.  Power  Output  vs.  Frequency 

2.  Small  Signal  Gain 

3.  Harmonic  Power 

4.  Spurious  Outputs  and  Noise  Power 

5.  TWT  Transfer  Characteristics 

6 . Mi smatched  Loads 

7.  Propagation  Delay 

8.  Mode  Switching  Time 

9.  Primary  Power 

10.  Response  to  Command 

11.  Duty  Cycle  Limiting 

12.  BIT/ATE  Output 

4.2  (U)  Detailed  Test  Data  - Baseline  Testing 

(U)  The  detailed  test  data  for  each  test  provided  in  this  section 
is  preceded  by  introductory  paragraphs  indicating  the  purpose,  require- 
ments, variations  In  test  procedures  (if  any),  a summary  of  the  test 
results,  and  a block  diagram  of  the  test  setup. 
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4.2.1  (U)  Power  Output  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
power  output  of  the  RF  Chain  High  Band  Amplifier  across  the 
frequency  band  at  nominal  rf  input  drive  levels.  See  figure  9 
for  the  test  setup. 

b.  (U)  Results.  Tests  were  run  on  the  CW  and  pulse  tubes  for 
total  and  fundamental  power  output  vs.  frequency,  and  reduced 
drive  level  power  output  vs.  frequency.  The  results  of  these 
tests  are  shown  in  figures  50  through  55.  The  lower  reference 
line  on  these  graphs  represents  the  specification  to  which  the 
TWTs  were  built.  The  other  reference  line  represents  the  rf 
chain  specifications. 

(U)  The  CW  output  power  exceeds  the  specifications  to  which  the  CW 
tube  was  designed,  but  falls  below  the  rf  chain  output  power  specifications 
in  some  areas  of  the  band.  The  pulse  output  power  also  surpassed  the 
tube  design  specification,  and  fell  below  at  the  rf  chain  specification 
at  several  points  throughout  the  frequency  band.  The  reduced  drive 
level  test  results  show  that  each  TWT  produces  the  same  output  power 
spectrum  shape  for  various  reduced  drive  levels. 

4.2.2  (U)  Small  Signal  Gain. 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
small  signal  gain  across  the  frequency  band,  with  the  rf  input 
drive  levels  reduced  by  15  dB  from  their  nominal  values.  The 
test  setup  is  shown  in  figure  9. 

b.  (S)  Results  The  tests  were  run  with  the  input  drive  level  15 
dB  down  from  its  nominal  value.  The  results  of  this  test  are 
shown  in  figures  56  and  57.  Here  again  the  unit  did  not  meet 
rf  chain  specifications  (67  dB  minimum  for  CW,  77  dB  for 
pulse),  but  exceeded  the  tube  design  specification  (41  dB 
minimum  for  CW,  51  dB  for  pulse). 
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Figure  54.  (S)  RF  Chain  High  Band,  PLS  Fundamental  Output 

Power  vs.  Frequency,  PLS  = 25  us  at  5%. 
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Figure  55.  (S)  RF  Chain  High  Band,  PLS  Reduced  Power  vs. 
Frequency,  PLS  = 25  us  at  5%. 
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Figure  56.  (U)  RF  Chain  High  Band,  CW  Small  Signal  Gain 

vs  Frequency,  CW  a 100%. 


84 

SECRET 


‘jfilH  i dB 


I 


SECRET 


4.2.3  (U)  Harmonic  Power 

a.  (U)  Purpose.  This  test  measured  the  relationship  between  the 
total  output  power  and  the  harmonic  power  for  harmonic  outputs 
within  the  calibration  frequency  range. 

b.  (S ) Results.  This  test  was  performed  concurrently  with  the 
tests  described  in  paragraph  4.2.1  (see  figure  9).  The  results 
are  shown  in  figures  58  and  59.  The  worst  case  harmonic  power 
In  the  CW  mode  was  -13  dBc  at  8.8  GHz,  which  fulfills  the  rf 
chair,  requirements  of  a worst  case  second  harmonic  of  -3  to  -4 
dBc.  The  worst  case  harmonic  power  for  the  pulse  tube  was 
2.75  dBc  at  8.2  GHz.  This  is  total  harmonic  power.  The  rf 
chain  requires  the  typical  second  harmonic  to  be  -10  dBc. 

4.2.4  (U)  Spurious  Outputs  and  Noise  Power 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  that 
the  UUT  meets  the  spurious  noise  output  requirements.  The 
test  setup  is  shown  in  figure  20. 

b.  (C)  Results.  This  test  is  conducted  in  accordance  with  para- 
graph 8. 3. 2. 2 of  the  rf  chain  test  plan.  The  results  are 
shown  in  data  sheet  8.3.2  figure  60.  The  requirements  are  -3 
dBm/MHz  maximum  for  CW  and  40  dBm  maximum  for  pulse.  No 
spurious  outputs  exceeded  specification. 

4.2.5  (U)  TWT  Transfer  Characteristics. 

a.  (u)  Purpose.  The  purpose  of  this  test  is  to  show  the  relation- 
ship between  the  rf  input  drive  into  the  rf  chain  LRU  and  the 
output  power  of  the  LRU.  This  information  is  supplied  as 
supplemental  Information  to  required  test  data. 

b.  (U)  Resul ts . The  test  configuration  is  shown  In  figure  9. 

The  test  results  are  shown  in  figures  61  through  66.  The  CW 
tube  shows  very  linear  results  up  to  Its  saturation  point. 

The  transfer  characteristics  of  the  pulse  tube  are  not  nearly 
as  linear  at  the  programmed  test  frequencies. 
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Figure  60.  U)  RF  Chain  High  Band,  Spurious  Outputs. 
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Figure  61.  (U)  RF  Chain  High  Band,  CW  Transfer  Characteristics 

at  7.8  GHz,  CW  * 100%. 
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Figure  63.  (U)  RF  Chain  High  Band,  CW  Transfer  Characteristics 

at  17.8  GHz,  CW  - 100*. 
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Figure  64.  (S)  RF  Chain  High  Band,  PLS  Transfer  Characteristics 

ct  7.8  GHz,  PLS  * 25  US  at  5%. 
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Figure  66.  (S)  RF  Chain  High  Band,  PLS  Transfer  Characteristics 

at  17.8  GHz,  PLS  = 25  us  at  556. 
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4.2.6  (U)  Mismatched  Loads. 

a.  (U)  Purpose.  This  test  was  performed  to  determine  the  effect 
on  rf  chain  power  output  of  operating  Into  a load  that  pre- 
sents a less  than  optimum  Impedance  match.  The  test  setup  is 
shown  In  figure  30. 

b.  (C)  Results.  The  rf  chain  Is  required  to  operate  Into  loads 
with  a VSWR  of  2:1.  The  test  was  performed  with  a 2:1  mis- 
match of  random  phase  to  simulate  a worst  case  feed  line  and 
antenna  loading  condition.  The  test  results  are  shown  In 
figures  67  and  68.  The  CW  output  power  showed  a maximum 
decrease  of  0.69  dB  and  the  pulse  showed  a maximum  decrease  of 
29.22  dB. 

4.2.7  (U)  Propagation  Delay.  The  propagation  delay  test  was  not  accom- 
plished with  the  high  band  LRU  because  of  non-availability  of  high  speed 
test  equipment.  Since  the  low  band  LRU  performed  satisfactorily  during 
this  test,  and  because  of  the  identical  construction  of  the  high  band 
and  low  band  LRUs,  no  problems  are  foreseen  in  regard  to  the  high  band 
LRUs  propagation  time. 

4.2.8  (U)  Mode  Switching  Time 

a.  (U)  Purpose.  The  objective  of  the  mode  switching  time  test  is 
to  measure  the  response  of  the  UUT  during  different  combina- 
tions of  timing  sequences  for  CW,  pulse,  and  blank  modes.  The 
test  setup  is  shown  in  figure  36. 

b.  (U)  Variations  In  Procedure.  A single  pulse  generator  setup 
for  double  pulse  output  was  used  instead  of  the  two  pulse 
generator  setups  called  for  In  table  1 of  the  rf  chain  test 
plan  (shown  in  figure  37). 
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Figure  67.  (U)  RF  Chain  High  Band,  Mismatched  Loads 
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Figure  68.  (U)  RF  Chain  High  Band,  Mismatched  Loads. 
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c.  (U)  Results.  The  mode  switching  time  test  was  performed  in 
the  CW  and  pulse  modes  of  operation.  The  pulse  generator  was 
programmed  for  double  pulse  output,  and  the  pulse  separation 
was  adjusted  to  the  point  at  which  the  detected  rf  output 
pulse  separation  was  at  a minimum  (see  data  sheet  8.3.4. 1, 
figure  69).  A mode  switching  time  of  75-100  ns  is  required. 
The  results  in  figure  70  show  a mode  switching  time  of  about 
150  ns. 

4.2.9  (U)  Primary  Power 

a.  (U)  Purpose.  The  objective  of  the  primary  power  test  Is  to 
measure  the  warmup  time  of  the  UUT  and  to  determine  the  input 
power  requirements  at  high  line,  low  line,  and  nominal  input 
voltage  settings.  Additionally,  this  test  will  verify  the 
prorated  warmup  time  after  a primary  power  interrupt. 

b.  (U)  Results.  The  test  setup  is  shown  in  figure  40.  The 
warmup  time  was  measured  to  214  seconds.  The  prorated  warmup 
time  was  2 seconds  of  warmup  time  for  each  second  of  interrupt 
time  for  up  to  90  seconds  of  Interrupt  time.  After  90  seconds 
of  primary  power  interrupt  time,  the  full  warmup  time  is 
required. 

(U)  The  primary  power  requirement  is  a three  phase,  400  Hz  supply 
at  115  V +5%.  The  maximum  input  power  specified  Is  800  watts  per  tube. 
The  results  (figures  71  through  74)  show  that  the  minimum  primary  power 
is  always  maintained;  and  while  the  CW  tube  sometimes  exceeds  800  watts, 
the  pulse  tube  never  does,  and  the  total  power  requirements  never  exceed 
1600  watts  for  both  tubes. 

4.2.10  (U)  Response  to  Commands. 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  verify  that  the 
UUT  operates  in  all  modes,  responds  to  digital  commands,  and 
that  it  generates  and  processes  proper  status  information 
whenever  status  is  requested. 
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Figure  70.  (U)  RF  Chain  High  Band,  Mode  Switching  Time. 
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Figure  71.  (U)  RF  Chain  High  Band,  Primary  Power. 
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Figure  72.  (U)  RF  Chain  High  Band,  Primary  Power. 
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Figure  73.  (U)  RF  Chain  High  Band,  Primary  Power. 
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Figure  74.  (U)  RF  Chain  High  Band,  Primary  Power. 
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b.  (U)  Results.  See  figure  46  for  the  test  setup.  Only  commands 
not  exercised  In  the  tests  discussed  In  paragraphs  4.2.1 
through  4.2.9  were  exercised  In  this  test.  The  results  are 
contained  In  data  sheet  8. 3. 6.1  (figure  75).  The  STE  status 
response  was  monitored  for  the  various  coitmands,  and  Indicated 
that  the  transmitter  did  respond  properly  to  Input  cownands. 

4.2.11  (U)  Duty  Cycle  Limiting. 

a.  (U)  Purpose.  The  purpose  of  the  duty  cycle  limiting  test  Is 
to  demonstrate  that  the  pulse  channel  monitor  will  limit  the 
pulse  channel  output  when  the  video  command  duty  cycle  Is 
above  the  maximum  specified. 

b.  (U)  Results.  The  test  setup  is  shown  in  figure  36.  The 
results  In  figure  76  show  that  when  the  pulse  generator  was 
set  to  a 30  us  pulse  with  a 6%  duty  cycle,  the  modulator  did 
limit  the  duty  cycle  to  5.2*  by  decreasing  the  pulse  width. 

4.2.12  (U)  BIT/ ATE  Output. 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  exercise  and 
verify  the  built-in  test  capability  of  the  rf  chain  LRU. 

b,  (U)  Results.  When  the  BIT  was  exercised  during  the  response 
to  commands  testing.  It  Indicated  that  all  functions  of  the 
LRU  were  GO.  This  Is  indicated  on  data  sheet  8.3.6. 1 (figure 
75). 

4.3  (U)  Testing  with  the  2*  Duty  Cycle  DBDH  TWT 

(U)  To  show  the  versatility  of  the  standard  rf  chain,  the  high  band 
LRU  was  tested  with  a DBDM  TWT.  This  tube  was  able  to  achieve  only  a 2* 
duty  cycle,  but  that  is  sufficient  to  show  the  DBDM  capability  of  the  RF 
Chain  Power  Amplifier. 
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Figure  75.  (U)  RF  Chain  High  Band,  Response  to  Commands. 
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4.3.1  (U)  2%  DBDH  Description.  The  following  paragraphs  list  some  of 
the  specifications  of  the  2%  DBDM  TWT.  The  tube  drawing  and  specif 1- 
catlons  are  contained  In  Northrop  DSD  documents  090-001875  and  093- 
006152,  respectively.  These  are  some  of  the  relevant  specifications. 

(S)  Frequency  Range:  This  TWT  amplifies  rf  signals  within  the 
frequency  range  of  10.4  GHz  to  18.0  GHz. 

(S)  Rated  Fundamental  Output  Power:  The  minimum  output  power  of 
this  TWT  Is: 


Frequency 

CW  Mode 

Pulse  Mode 

13.0  GHz 

200  watts 

2000  watts 

10.4  to  16.5  GHz 

155  watts 

1550  watts 

16.5  to  18.0  GHz 

145  watts 

1450  watts 

(C)  Duty  Cycle:  The  maximum  pulse  duty  cycle  for  this  TWT  Is  10%; 
the  maximum  pulse  duration  Is  30  us. 

(U)  Small  Signal  Gain:  The  CW  small  signal  gain  Is  In  the  range  of 
42  dB  to  52  dB;  for  the  pulse  mode,  the  range  for  small  signal  gain  Is 
55  dB  to  65  dB. 

(U)  Noise  Output:  The  noise  output  power  Is  no  greater  than  -10 
dBm/MHz  In  the  CW  mode  and  no  greater  than  +3  dBm/MHz  peak  In  the  pulse 
mode. 


(U)  At  normal  drive  levels,  the  harmonic  signal  level  is  down  to  a 
minimum  of  10  dB  from  the  fundamental  rf  output  power. 

(U)  Propagation  Delay:  The  rf  delay  from  the  TWT  amplifier  assem- 
bly Input  to  the  output  does  not  exceed  8.0  ns. 
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(U)  TWT  Difficulties:  When  this  TWT  was  built,  It  did  not  meet 
many  of  these  specifications.  For  example,  its  duty  cycle  Is  only  2%, 
and  Its  small  signal  gain  and  maximum  power  output  are  below  those 
specified.  RF  chain  testing  will  be  done  on  another  DBDM  tube  when  one 
becomes  available.  These  specifications  were  included  to  illustrate 
some  of  the  difficulties  being  experienced  in  procuring  usable  TWTs  for 
testing  - this  is  the  reason  why  the  standard  rf  chain  program  is  behind 
the  original  schedules. 

(U)  Even  though  this  TWT  did  not  meet  specifications,  it  still 
functions  as  a DBDM  TWT,  and  is  completely  adequate  to  show  the  RF  Chain 
DBDM  TWT  capabilities. 

4.3.2  (U)  List  of  Tests.  The  electrical  performance  tests  conducted  on 
the  rf  chain  high  band  LRU  with  the  2%  duty  cycle  DBDM  TWT  are  listed 
below: 

1.  Small  Signal  Gain 

2.  CW  Power  Output 

3.  Pulse  Power  Output 

4.  CW  and  Pulse  Power  Output 

4.4  (U)  Detailed  Test  Data  - 2%  DBDM  TWT 

(U)  The  detailed  test  data  for  each  test  provided  in  this  section 
is  preceded  by  introductory  paragraphs  inJI eating  the  purpose  of  each 
test,  and  a summary  of  the  test  results. 

(U)  This  testing  was  conducted  to  show  the  compatibility  of  the 
standard  rf  chain  with  DBDM  tubes.  Therefore,  only  those  tests  which 
show  this  compatibility  were  performed. 

4.4.1  (U)  Small  Signal  Gain. 
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a.  (U)  Purpose.  The  purpose  of  these  tests  Is  to  demonstrate  the 
small  signal  gain  across  the  frequency  band,  with  the  rf  Input 
drive  levels  reduced  from  their  nominal  values.  See  figure  9 
for  the  test  setup. 

b.  (U)  Results.  The  rf  Input  drive  levels  were  reduced  from 
their  nominal  values  by  12  dB  for  the  test  results  shown  In 
figures  77  and  78  (CW  and  pulse  SS6,  respectively).  Figures 
79  and  80  show  the  results  for  tests  run  at  various  reduced 
drive  levels  (3  dB,  6 dB,  9 dB  and  12  dB  below  rated  Input). 
These  results  show  that  the  rf  chain  can  use  either  mode  of 
the  DBDM  Independently,  and  produce  a nearly  level  small  gain 
curve  across  the  tube's  frequency  band. 

4.4.2  (U)  CW  Power  Output 

a.  (U)  Purpose.  The  purpose  of  these  tests  Is  to  show  the  rf 
chain  unit's  power  output.  In  the  CW  mode  only.  The  test 
setup  Is  shown  In  figure  9. 

b.  (U)  Results.  Figure  81  shows  the  CW  output  power  across  the 
frequency  bands.  This  looks  fairly  level,  except  where  the 
output  power  drops  at  the  high  end  of  the  band.  Figure  82 
shows  the  detected  rf  output  response  to  the  CW  modulator 
commands.  The  delay  Is  not  visible  at  this  time  division 
setting  (5  us/dlv.).  Figures  83  through  85  show  the  CW  trans- 
fer characteristics  at  low,  middle  and  high  band  frequencies. 
In  each  case,  the  transfer  characteristic  curves  are  very 
linear. 

4.4.3  (U)  Pulse  Power  Output. 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  show  the  rf  chain 
units'  power  output.  In  the  pulse  mode  only.  The  test  setup 
Is  given  In  figure  9, 
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Figure  79.  (U)  RF  Chain  DBDM  Test  No.  3 Sequence  No.  3: 

CW  Reduced  Power  vs.  Frequency,  CW  = 100%. 
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Figure  81.  (U)  RF  Chain  DBDM  Test  No.  1,  Sequence  No.  5: 

Total  Power  Output  vs.  Frequency  at  Drive  Level, 

CW  * 100*. 
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Figure  85.  (U)  RF  Chain  DBDM  Test  No,  18:  CW  Transfer 

Characteristics  at  17.5  GHz,  CW  * 100*. 
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b.  (U)  Results.  Figure  86  shows  the  pulse  output  power  across 
the  frequency  band.  This  is  fairly  level,  except  where  the 
output  power  drops  at  the  high  end  of  the  band.  Figure  87 
shows  the  detected  rf  output  responses  to  the  pulse  modulator 
commands.  The  delay  is  not  visible  at  this  time  division 
setting  (5  us/div).  Figures  88  through  90  show  the  pulse 
transfer  characteristics  at  low,  middle,  and  high  band  fre- 
quencies. In  each  case,  the  transfer  characteristic  curves 
are  very  linear. 

4.4.4  CW  and  Pulse  Output. 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  observe  the  power 
output  of  the  CW  and  pulse  modes  together  across  the  frequency 
band.  The  test  setup  is  shown  In  figure  9. 

b.  (U)  Results.  This  test  was  run  at  nominal  drive  levels,  with 
CW  at  100%  plus  the  pulse  mode  at  2%  duty  cycle.  The  output 
power  spectrum  is  shown  in  figure  91.  Once  again,  because  of 
the  TWT  construction,  the  power  output  falls  at  the  high  end 
of  the  band.  Figure  92  shows  the  detected  rf  output  power 
response  to  the  modulator  commands;  once  again,  there  is  no 
visible  delay. 

4.5  (U)  Testing  With  the  Band  III  8%  Pulse  TWT 

(U)  To  show  the  high  duty  cycle  capabilities  of  the  rf  chain,  the 
high  band  LRU  was  tested  with  a high  duty  cycle  pulse  TWT  from  Hughes 
Installed.  The  purpose  of  the  testing  was  to  demonstrate  the  high  duty 
cycle  capabilities  of  the  rf  chain  power  supplies  and  modulators.  No 
attempt  was  made  to  optimize  the  power  output  of  the  TWT  or  to  duplicate 
any  previous  data  taken  on  the  TWT,  All  testing  was  conducted  at  the 
rated  operating  duty  cycle  of  the  TWT  and  with  a constant  rf  Input  drive 
level  to  the  TWT  across  the  frequency  band.  The  power  supplies  and 
modulator  used  were  baseline  rf  chain  equipment. 
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Figure  89.  (S)  RF  Chain  DBDM  Test  No.  18:  PLS  Transfer 

Characteristics  at  18  GHz,  PLS  » 20  us  at  22, 
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Figure  91.  (S)  RF  Chain  DBDM  Test  No.  1,  Sequence 

No.  8:  Total  Output  Power  vs.  Frequency  at  Drive 

Level,  CW  at  100%  plus  PLS  of  20  us  at  2%. 
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(U)  Testing  was  conducted  with  only  the  high  duty  cycle  pulse  tube 
and  one  modulator  installed.  At  the  time  of  testing  only  one  working 
modulator  was  available  for  use  In  the  amplifier. 

(U)  Total  testing  time  was  approximately  ten  (10)  hours.  During 
the  testing  period  no  failures  of  the  high  band  rf  chain  LRU  were  en- 
countered. 

4.5.1  (U)  TMT  Description.  The  following  paragraphs  list  some  of  the 

specifications  of  the  8%  pulse  TWT.  The  tube  drawings  are  contained  In 
Northrop  DSD  documents  090-001838  and  090-001841,  and  the  specifications 
in  093-004211.  These  are  some  of  the  specifications: 

(S)  Frequency  Range:  The  full  performance  frequency  range  of  the 
tube  Is  8.9  GHz  to  18.0  GHz. 

(S)  Rated  Fundamental  Power  Output:  The  minimum  output  power  of 


this  TWT  at  8%  duty  cycle  Is  1500  watts  peak. 


(U)  Duty  Cycle:  The  duty  cycle  for  this  TWT  is  8%  maximum;  the 
pulse  width  is  In  the  range  of  0.1  us  to  30  us. 

(U)  Small  Signal  Gain:  The  small  signal  gain,  when  tested  with  a 
leveled  rf  Input  equal  to  that  required  to  achieve  a 7 dB  reduction  In 
rf  output  from  the  previously  stated  minimum,  is  in  the  range  of  44  dB 
to  54  dB  within  the  TWTs  frequency  range. 

(U)  Noise  Output:  With  the  input  port  terminated  in  50  ohms  and 
the  output  port  terminated  in  a flat  attenuator,  the  noise  output  does 
not  exceed  -10  dBm/MHz  when  measured  through  a bandpass  filter  with  a 3 
dB  bandwidth  equal  to  or  less  than  100  MHz. 


(U)  With  nominal  input  drive,  the  total  harmonic  power  is  at  least 
5 dB  below  fundamental  power  output. 
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4.5.2  (U)  List  of  Tests.  The  electrical  performance  tests  conducted  on 
the  rf  chain  high  band  LRU  with  the  85!  pulse  TWT  are  listed  below: 

1.  Duty  Cycle  Limiting 

2.  Pulse  Width  Limiting 

3.  Total  Power  Output  vs.  Frequency 

4.  Small  Signal  Gain  vs.  Frequency 

5.  Gain  Variations 

6.  Harmonic  Power  vs.  Frequency 

4.6  (U)  Detailed  Test  - Data  - 85!  Pulse  TWT 

(U)  The  purpose  of  the  following  tests  is  to  demonstrate  the  high 
duty  cycle  capabilities  of  the  rf  chain.  All  testing  was  conducted 
using  rated  duty  cycle  (8%)  and  maximum  pulse  width  (32  us)  for  the 
pulse  TWT.  Figure  93  shows  the  pulse  modulator  enable  signal;  and 
figure  94  shows  the  pulse  duty  cycle.  Figure  95  shows  a spectrum  analyzer 
display  of  the  rf  output  of  the  rated  operating  pulse  width  and  duty 
cycle. 

4.6.1  (U)  Duty  Cycle  Limiting 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  demonstrate  the 
capability  of  the  rf  chain  to  limit  the  duty  cycle  to  the 
rated  duty  cycle  of  the  TWT. 

b.  (U)  Results.  The  results  of  this  test  are  shown  in  table  5 
and  figure  96.  The  test  was  conducted  by  maintaining  the 
modulator  enable  pulse  at  32  us  and  decreasing  the  time  be- 
tween pulses  from  400  us  to  250  us.  As  the  duty  cycle  of  the 
Input  command  was  Increased,  the  rf  output  pulse  width  de- 
creased, maintaining  the  85!  duty  cycle. 

4.6.5^  (U)  Pulse  Width  Limiting. 

$ 
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Fi'.-.  .■>'  -O . (S)  RF  Chain  High  Band,  PLS  Modulator 

Enable  Command,  32  us  Pulse  Width. 
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Figure  94.  (S)  RF  Chain  High  Band,  8%  Duty  Cycle,  32  us 

Pulse  Up  Out  of  a 400  us  Period. 
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Table  5.  (U)  High  Band  RF  Chain  Duty  Cycle  Limiting. 


Modulator  Enable 
Detected  RF  Output 


PULSE  WIDTH  PERIOD  DUTY  CYCLE 
32  us  245  us  13% 

20  us  245  us  8.1% 
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Figure  96.  (U)  RF  Chain  High  Band,  Duty  Cycle  Limiting. 
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a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  demonstrate  the 
ability  of  the  modulator  to  limit  the  pulse  width  of  the  rf 
output  Is  the  rated  output  pulse  width  of  the  TWT. 

b.  (U)  Results.  The  test  results  are  shown  In  table  6 and  figure 
97.  This  test  was  conducted  by  Increasing  the  modulator  input 
command  pulse  from  32  us  to  50  us.  The  modulator  limited  the 
output  pulse  to  34  us. 

4.6.3  (U)  Total  Power  Output  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  demonstrate  the 
ability  of  the  RF  Chain  Power  Amplifier  to  support  the  8%  duty 
cycle  pulse  tube  across  the  frequency  band. 

b.  (U)  Results.  This  test  was  conducted  using  a constant  drive 
level  across  the  band.  The  results  are  shown  In  figure  98. 

The  power  output,  with  no  attempt  at  power  output  optimi- 
zation, meets  the  rf  chain  requirements  over  almost  the  entire 
frequency  band. 

4.6.4  (U)  Small  Signal  Gain  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  the  same  as  that  for 
the  test  of  4.6.3.  The  test  was  conducted  In  the  same  manner, 
except  that  the  Input  drive  level  was  reduced  by  15  dB. 

b.  (U)  Results.  The  test  results  are  shown  in  figure  99.  The 
results  show  that  the  rf  chain  does  support  the  tube  across 
the  frequency  bat'd  for  the  reduced  drive  level. 

4.6.5  (U)  Gain  Variations 

a.  (U)  Purpose.  The  purpose  of  this  test  was  to  demonstrate  the 
ability  of  the  rf  chain  to  support  the  8*  duty  cycle  pulse 
tube  at  reduced  drive  levels  across  the  frequency  band. 
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Table  6.  (U)  High  Band  RF  Chain,  Pulse  Width  Limiting. 

PULSE  WIDTH  PERIOD 

Modulator  Enable  50  us  500  us 

Detected  RF  Output  34  us  500  us 
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Figure  97.  (U)  RF  Chain  High  Band,  Pulse  Width  Limiting. 
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Figure  98.  (s)  RF  Chain  High  Band,  8%  Hughes  Pulse  Tube  PLS  Total  Power  Output  vs.  Frequency,  PLS  us  at  8% 
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b.  (U)  Results.  The  test  results  are  shown  in  figure  100.  The 
input  drive  levels  were  reduced  by  3 dB  for  each  test  sweep  of 
the  band,  and  the  gain  variation  at  different  drive  levels 
recorded.  Each  of  the  drive  levels  produced  an  output  curve 
of  approximately  the  same  shape. 

4.6.6  (U)  Harmonic  Power  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  was  to  demonstrate  that 
the  RF  Chain  Power  Amplifier  will  support  the  8%  duty  cycle 
pulse  TWT  across  the  frequency  band  without  generating  exces- 
sive harmonics. 

b.  (U)  Results.  The  results  are  shown  in  figure  101.  The  harmonic 
power  is  down  about  15  dB  average  from  the  total  power  output 
across  the  frequency  band. 

4.7  (U)  Testing  With  The  6 dB  Pulse-Up  TWT 

(U)  To  show  the  versatility  of  the  rf  chain,  the  high  band  LRU  was 
tested  with  the  6 dB  pulse-up  TWT.  This  testing  required  a special  tri- 
level modulator  for  the  rf  chain.  The  high  voltage  power  supply  and  the 
modulator  were  left  unencapsulated  and  mounted  in  a tank  filled  with 
coolant  oil  (FC-48).  Since  the  6 dB  pulse-up  TWT  is  not  intended  for 
use  in  the  rf  chain,  the  HVPS  and  modulator  were  built  for  ease  of 
modification  rather  than  form  factor. 

(U)  Although  the  pulse-up  TWT  did  not  meet  specifications,  it  was 
sufficient  to  show  the  pulse-up  capability  of  the  rf  chain  power  ampli- 
fier, and  particularly  to  demonstrate  the  performance  of  the  new  tri- 
level modulator  In  an  actual  amplifier. 

4.7.1  (U)  6 dB  Pulse-Up  TWT  Description:  The  following  paragraphs  list 

some  of  the  specifications  of  the  6 dB  pulse-up  TWT.  The  specifications 
and  drawing  for  this  tube  are  contained  in  Northrop  DSD  documents  093- 
006396  and  090-001870,  respectively.  These  are  some  of  the  relevant 
specifications: 
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POWER  OUTPUT  VS  FREQUENCY/REDUCED  DRIVE  LEVEL  ill(turf  ot, 

8*  DUTY  CYCLE  HUGHES  8X  TUbt 

32  us  PULSE  WIDTH 


Frequency/Reduced 


HUGHES  8X  TUBE 


Figure  101.  (S)  RF  Chain  High  Band,  8%  Hughes  Pulse  Tube  PLS 

Harmonic  Power  vs.  Frequency,  PLS  = 32  us  at  8 %. 
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(S)  Frequency  Range:  This  TWT  amplifies  rf  signals  within  the  fre- 
quency range  of  7.5  GHz  to  18.2  GHz. 


(S)  Rated  Fundamental  Output  power:  The  minimum  output  power  of 
this  TWT  is: 


Frequency 


CW  Mode 
Output  Power 


Pulse  Mode 
Peak  Output  Power 


7.5  GHz 

7.8  GHz 

17.0  GHz 
18.2  GHz 


50.0  dBm 

51.8  dBm 

51.8  dBm 

50.0  dBm 


56.0  dBm 

57.8  dBm 

57.8  dBm 

56.0  dBm 


(C)  Duty  Cycle:  The  maximum  duty  cycle  of  this  TWT  is  100  percent 
In  CW  mode  and  25  percent  in  pulse  mode.  The  maximum  pulse  duration  is 
25us. 


(U)  Small  Signal  Gain:  The  CW  mode  small  signal  gain  is  the  range 
of  41  dB  to  51  dB.  The  pulse  mode  small  signal  gain  is  in  the  range  of 
50  dB  to  60  dB. 

(U)  TWT  Difficulties:  This  TWT  did  not  meet  many  of  the  specifi- 
cations. For  example,  output  power  and  small  signal  gain  were  below 
their  specified  levels  over  large  portions  of  the  frequency  band. 

Because  the  tube  performance  was  poor,  the  maximum  duty  cycle  used  in 
testing  was  limited  to  20  percent  to  prevent  damage  to  the  tube.  Also, 
the  output  power  in  the  pulse  mode  was  only  2 dB  to  3 dB  up  over  CW  mode 
output  power  when  the  tube  was  operated  at  saturated  output  power,  and 
the  TWT  was  not  equalized  - it  required  more  drive  in  the  lower  half  of 
the  frequency  band  than  was  specified. 

(U)  Even  though  the  TWT  did  not  meet  specifications,  it  was  com- 
pletely adequate  to  show  the  rf  chain's  capability  to  operate  with  a 
dual  mode  TWT  installed. 
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4.7.2  (U)  List  of  Tests:  The  electrical  performance  tests  conducted  on 
the  rf  chain  high  band  LRU  with  the  6 dB  pulse-up  TWT  are  listed  below: 

1.  Total  power  output  vs.  frequency 

2.  Fundamental  power  output  vs.  frequency 

3.  Small  signal  gain 

4.  6 dB  pulse-up 

5.  Dual -Mode  operation 

4.8  (U)  Detailed  Test  Data  - 6 dB  Pulse-Up  TWT 

(U)  The  detailed  test  data  for  each  test  provided  in  this  section 
is  preceded  by  introductory  paragraphs  indicating  the  purpose  of  each 
test,  and  a summary  of  the  test  results.  The  test  setup  for  each  of 
these  tests  is  that  shown  in  figure  9,  except  that  the  data  recorder  was 
not  available.  Therefore,  data  points  were  recorded  by  hand. 

(U)  This  testing  was  conducted  to  show  the  compatibility  of  the 
standard  rf  chain  with  the  6 dB  pulse-up  TWT;  therefore,  only  those 
tests  which  show  this  compatibility  were  performed. 

4.8.1  (U)  Total  Power  Output 

a.  (U)  Purpose.  The  purpose  of  this  test  is  to  show  the  rf  chain 
unit's  power  output  for  both  the  CW  and  the  pulse  modes. 

b.  (U)  Deviations.  Since  this  TWT  did  not  have  an  equalized 
input,  the  input  drive  level  had  to  be  adjusted  at  each  test 
point  to  get  maximum  power  from  the  tube.  The  rf  chain  was 
not  able  to  drive  the  tube  into  saturation  over  much  of  the 
lower  half  of  the  frequency  band  because  the  tube  exceeded 
drive  specifications,  requiring  approximately  24  dB  of  drive 
in  the  lower  half  of  the  band.  The  maximum  drive  available 
from  the  rf  chain  was  20  dB.  Two  separate  test  runs  were 
made. 
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(U)  The  first  run  was  made  with  the  input  drive  adjusted  to 
give  maximum  CW  power  output,  with  power  readings  taken  in 
both  the  CW  and  the  pulse  modes.  The  second  run  was  made  with 
the  Input  drive  adusted  to  give  maximum  pulse  power  output, 
and  again  readings  were  taken  In  both  the  CW  and  pulse  modes. 

c.  (U)  Results.  See  Figures  102  and  103.  These  results  show 
that  the  tube  did  not  meet  the  power  output  specifications 
over  most  of  the  frequency  band.  They  also  show  that  the 
pulse  mode  went  into  saturation  before  the  CW  mode  over  most 
of  the  tube's  operating  frequency  band,  and  that  the  tube  did 
not  give  6 dB  pulse-up  operation.  Pulse-up  operation  ranged 
from  2 dB  to  4 dB  across  the  band. 

4.8.2  (U)  Fundamental  Power  vs.  Frequency 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  show  the  output 
power  of  the  rf  chain  at  each  fundamental  frequency  after  all 
harmonics  are  filtered  out. 

b.  (U)  Results.  Figure  104  shows  both  CW  and  pulse  power  output. 

The  tube  failed  to  meet  the  power  output  specifications  over  most 

of  the  frequency  band.  It  also  failed  to  meet  the  6 dB  pulse-up 

specification. 

4.8.3  (U)  Small  Signal  Gain 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  demonstrate  the 
small  gain  across  the  frequency  band,  with  the  rf  Input  drive 
levels  reduced  by  15  dB  from  their  nominal  values. 

b.  (U)  Results.  See  figures  105  and  106.  Figure  105  shows  the 
small  signal  gain  of  the  CW  mode.  The  tube  failed  to  meet  the 
gain  specifications  over  the  lower  third  of  the  frequency 
band.  Figure  106  shows  the  small  signal  gain  of  the  pulse 
mode.  Again  the  tube  failed  to  meet  the  gain  specifications 
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6 dB  PULSE  UP  SN  101  - TOTAL  POWER  OUTPUT 
INPUT  DRIVE  COMPENSATES  FOR  MAX  CW  POWER 
TOTAL  POWER  CW  100*  DUTY  CYCLE 
OUTPUT  (dta)  PL  5*  DUTY  CYCLE 


Figure  102.  (U)  RF  Chain  High  Band,  6dB  Pulse-up  Tube,  Total  Power  Output  vs.  Frequency,  Max  CW  Power 


Figure  104.  (U)  RF  Chain  High  Band,  6dB  Pulse-up  Tube,  Fundamental  Power  Output  vs.  Frequency,  Max  CW  Power 
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(U)ovcr  the  lower  third  of  the  frequency  band.  It  should  be 
also  be  noted  that  the  gain  In  the  pulse  mode  Is  significantly 
greater  than  6 dB  above  the  CM  mode  gain  level  across  the 
frequency  band. 

4.8.4  (U)  6 dB  Pulse-up 

a.  (U)  Purpose.  The  purpose  of  this  test  to  see  If  by  reducing 
the  Input  drive  level  to  the  tube,  a point  could  be  found 
where  the  tube  would  actually  operate  In  a 6 dB  pulse-up 
condition. 

b.  (U)  Results.  By  slowly  reducing  the  Input  drive  level  at  each 
test  frequency,  a point  was  found  where  the  tube  did  operate 
at  6 dB  pulse-up.  Figure  107  shows  the  CW  and  pulse  power 
output  at  the  point  where  6 dB  pulse-up  operation  was  achieved. 
Figures  108  and  109  show  the  spectrum  analyzer  display. 

4.8.5  (U)  Dual  Mode  Operation 

a.  (U)  Purpose.  The  purpose  of  this  test  Is  to  demonstrate  the 
dual  mode  capabilities  of  the  rf  chain. 

b.  (U)  Results.  Figure  110  shows  the  CW  and  pulse  modulator 
commands,  and  the  TWT  beam  current.  This  figure  shows  the  TWT 
beam  current  at  the  CW  level,  with  an  Increase  In  beam  current 
during  the  pulse-up  command.  Figures  111,  112  and  113  show 
the  detected  TWT  output.  Figure  111  shows  this  output  for  CW 
mode  only;  figure  112  shows  It  for  pulse  mode  only;  figure  113 
shows  It  for  CW  and  pulse-up  operation. 

c.  (U)  Additional  Test  Conducted.  Figure  114  shows  the  detected 
TWT  output  with  the  tube  operating  In  the  pulse  mode  at  a 20 
percent  duty  cycle.  The  tube  duty  cycle  operation  was  limited 
to  20  percent  because  of  the  poor  performance  of  the  tube. 
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Figure  107.  (U)  RF  Chain  High  Band,  6dB  Pulse-up  Tube,  6dB  Pulse-up 
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Figure  108.  (U)  6dB  Pulse-up  Test,  Full  View. 
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Figure  109.  (U)  6dB  Pulse-up  Test,  Magnified  View. 
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Figure  110.  (U)  TWT  Beam  Current  vs.  Modulator  Commands. 
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Figure  111.  (U)  CW  Mode  Output  vs.  Modulator  Enable. 
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Figure  112.  (U)  TWT  Pulse  Mode  Output  vs.  Modulator  Enable. 
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Figure  113. 


(U)  TWT 
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Combined  Mode  Output  vs.  Modulator  Enable. 
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Figure  114.  (S)  20%  Duty  Cycle  Test. 
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4.8.6  (C)  Because  of  the  poor  TWT  performance,  pulse-up  operation 
during  the  combined  CW  and  pulse  mode  was  limited  to  a maximum  pulse 
width  of  25  us  and  a duty  cycle  of  not  greater  than  5 percent  to  prevent 
damage  to  TWT.  When  the  6 dB  pulse-up  modulator  was  tested  separately, 
the  pulse  width  and  duty  cycle  limiting  features  did  perform  as  required. 
These  tests  were  not  performed  with  the  TWT. 


(U)  Even  though  the  6 dB  pulse-up  TWT  did  not  meet  its  specifi- 
cations, this  testing  did  demonstrate  the  versatility  of  the  rf  chain  in 
general  and  the  trl -level  modulator  In  particular  by  showing  that  these 
devices  are  capable  of  pulse-up  operation  as  well  as  the  other  modes  of 
operation  detailed  in  this  report. 
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SECTION  V 

CONCLUSIONS  AND  RECOMMENDATIONS (U) 

(U)  This  testing  provides  conclusive  evidence  that  the  standard  rf 
chain  high  band  and  low  band  LRUs  meet  or  exceed  all  specifications  of 
the  rf  chain  program.  Although  in  some  cases  the  rf  chain  amplifiers 
did  not  meet  specifications  because  of  the  TWTs  used,  comparison  of  the 
tube  specifications  with  the  rf  chain  performance  using  those  tubes 
makes  it  clear  that  the  rf  chain  could  exceed  its  specifications  in  most 
cases,  given  the  appropriate  tubes. 

(U)  The  testing  also  showed  that  the  rf  chain  met  its  design  objec- 
tives of  high  reliability,  compatibility  with  various  TWTs,  commonality 
between  LRUs,  and  easy  maintenance. 

(U)  Recommendations.  The  standard  rf  chain  could  be  further  improved 
by  using  updated  modulators  and  power  supplies.  This  would  have  the 
effect  of  making  the  rf  chain  even  more  compatible  with  TWTs  - when  TWTs 
with  higher  output  powers  become  available,  the  rf  chain  with  updated 
power  supplies  could  drive  them  without  modification.  Updated  modu- 
lators would  help  cut  down  space  requirements,  and  increase  the  effective- 
ness of  the  rf  chain  in  ECM  applications. 
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